Background. The pathogenesis of intra-abdominal candidiasis is poorly understood. Methods. Mice were intraperitoneally infected with Candida albicans (1 × 10 6 colony-forming units) and sterile stool. nanoString assays were used to quantitate messenger RNA for 145 C. albicans genes within the peritoneal cavity at 48 hours.
Invasive candidiasis is the most common fungal disease in US hospitals [1] . Candidemia and intra-abdominal candidiasis are the 2 most common types of invasive candidiasis [2, 3] . Intra-abdominal candidiasis is associated with mortality rates as high as 65% [2] [3] [4] [5] . The disease stems from introduction of Candida into the normally sterile peritoneal cavity through direct inoculation, such as with infected peritoneal dialysis catheters, or, more commonly, as a result of leakage or perforation of the gastrointestinal tract. Indeed, intra-abdominal candidiasis is diagnosed in up to 39% of patients who experience gastrointestinal leaks or perforations [6] [7] [8] . Intra-abdominal candidiasis manifests as 2 conditions: peritonitis and abscess formation. Peritonitis is inflammation resulting from the host response to Candida within the peritoneal cavity. Abscess formation occurs over subsequent days as Candida cells that invade abdominal organs from the peritoneal cavity are contained by the inflammatory response, walled off, and finally eliminated. Epidemiologic data on the prevalence of these entities are conflicting, as various studies have reported that Candida peritonitis and intra-abdominal abscesses account for 62%-63% [9, 10] and 67% of intraabdominal candidiasis cases [11] , respectively.
Despite the clinical importance of intra-abdominal candidiasis, its pathogenesis is not well studied. Mouse models of C. albicans peritonitis and intra-abdominal abscesses have been developed, but they have not been widely used to study the full spectrum of intra-abdominal candidiasis. In the peritonitis model, C. albicans strains inoculated intra-peritoneally persist for several days in peritoneal fluid and directly invade abdominal organs such as the liver and spleen [12] [13] [14] . The model has been used to compare the relative virulence of mutant strains for secreted aspartic proteinases and several other proteins and to evaluate in vivo expression of the corresponding genes [12] . However, abscess formation is not prominent in this model, transcriptional profiling of more than a handful of genes has not been undertaken, and host responses within the peritoneal cavity have not been assessed. In the intra-abdominal abscess model, sterilized mouse stool is included in the inoculum as a potentiating agent [15, 16] . The infection mimics fecal soilage that follows gastrointestinal tract disruption and results in C. albicans-containing abscesses that peak in number over the course of a week. The model has been used to study antifungal regimens and host factors relevant to abscess formation but not to investigate peritonitis or C. albicans virulence mechanisms.
In this study, we adapted previously described mouse models to recapitulate the progression of C. albicans intra-abdominal candidiasis from peritonitis to abscesses [15] [16] [17] [18] . We used our model to study the C. albicans-host interaction during the course of disease and to perform large-scale transcriptional profiling of C. albicans. For the latter, we used the nanoString nCounter System, a new technology that digitally measures >100 target messenger RNAs (mRNAs) with a sensitivity that is greater than that of microarray and comparable to that of quantitative real-time polymerase chain reaction [19] [20] [21] . In a recent study of mouse oropharyngeal candidiasis, nanoString afforded highly reproducible measurements of C. albicans gene expression that agreed well with previously published data [19] . Finally, we validated the mouse model and expression data by demonstrating that the highly expressed gene RIM101 and its major target, SAP5, facilitated the persistence of C. albicans within abscesses.
METHODS

C. albicans Strains and Growth Conditions
C. albicans strains are listed in Table 1 . Strains were routinely grown in yeast extract-peptone-dextrose medium (1% yeast extract, 2% Bacto peptone, and 2% α-D-glucose) at 30°C unless otherwise noted.
Mouse Model of Intra-abdominal Candidiasis
Murine experiments were performed according to the University of Pittsburgh Institutional Animal Care and Use Committee guidelines. C. albicans strains were grown overnight in Sabouraud dextrose broth at 30°C. Mice were infected intraperitoneally with 100 µL of suspension containing 1 × 10 6 colonyforming units (CFU) of C. albicans without or with mouse feces. Feces from uninfected mice were ground in a tissue grinder, suspended in normal saline solution to form a 5% weight/volume mixture, and sterilized in a steam autoclave (15 minutes, 200 kPa, 120°C) [15] . Abdominal cavities were explored at given time points, and the number of abscesses >1 mm in diameter were counted. Abscesses were removed and homogenized for colony enumeration. To assess for peritonitis, the peritoneum was washed with 1 mL of phosphate-buffered saline, and cell counts, C. albicans levels, and pH of the lavage fluid were determined [22] . To assess for tissue invasion, liver and spleen were homogenized for C. albicans enumeration. We did not evaluate burdens within kidneys, which are retroperitoneal and did not yield consistent results in previous studies [12] . For histopathologic analysis, tissues and abscesses were fixed with formalin and embedded in paraffin, and thin sections were stained with hematoxylin-eosin and Gomori methenamine silver. Tissue burdens for mice infected with each strain are presented as mean (±SD) log 10 CFU/gram of tissue. The difference in tissue burdens between mice infected with mutant versus comparator strains was determined by the Wilcoxon test. A P value of <.05 was considered statistically significant.
nanoString Profiling
The peritoneal cavity was washed with normal saline solution, and fluid was immediately placed in RNAlater buffer (Ambion), stored at 4°C overnight, and then stored at −20°C. RNA was isolated using a Qiagen kit and a bead beater and was mixed with a custom-designed nanoString probe set as previously described [19, 20] . Probe sets included 145 genes that were chosen on the basis of published microarray data and our nanoString in vitro data (Supplementary data). Specifically, we selected CJN793 ura3Δ::λimm434/ura3Δ::λimm434 arg4::hisG/arg4::hisG his1::hisG::pHIS1-NRG1/his1::hisG rim101::dpl200/ rim101::dpl200 nrg1::ARG4/nrg1::URA3
CJN1111 ura3Δ::λimm434/ura3Δ::λimm434 arg4::hisG/arg4::hisG his1::hisG::pHIS1-NRG1/his1::hisG rim101::dpl200/ rim101::dpl200 nrg1::ARG4/nrg1::URA3 TEF1-SAP5::NAT1/SAP5 [35] representative genes that are involved in processes such as hyphal growth, in various stress responses, and in adhesion; control genes for high, moderate, and low expression; and internal normalization genes [19, 20] ; we previously showed that control gene expression varies little in microarray and nanoString studies [19, 20] . For each experiment, data were obtained in triplicate from 3 independently infected mice. The raw counts were adjusted for technical variability, using positive and negative controls of irrelevant RNA sequences included in the code set, and then normalized for total input C. albicans RNA, using the geometric mean of robustly expressed genes. Data of normalized counts were presented as mean values (±SD) of 3 independent experiments. To identify RIM101-dependent genes in vivo, we infected mice with strains DAY44 and DAY25 and harvested peritoneal fluid for nanoString determination. The mean values of normalized data for each gene were log transformed, and the differences in gene expression in vivo between strains DAY25 and DAY44 were compared using the Student t test; a P value of <.05 was considered statistically significant.
RESULTS
Mouse Model of Intra-abdominal Candidiasis
Mice infected intraperitoneally with C. albicans SC5314 (1 × 10 6 CFU) and sterile stool survived for 30 days. The mean C. albicans burden (±SD) in the peritoneal cavity at 6 hours was 3.30 ± 0.28 log 10 CFU/mouse ( Figure 1A ). Mean burdens (±SD) progressively decreased at 1 and 3 days (3.00 ± 0.22 and 2.18 ± 0.21 log 10 CFU/mouse, respectively), and C. albicans was fully eradicated at 7 days. C. albicans cells were evident as yeasts, rather than hyphae, at each time point. White blood cell (WBC) counts within peritoneal fluid progressively increased from 6 hours to 1 and 3 days and then decreased at 7 days ( Figure 1B ). WBCs were predominantly neutrophils at 6 hours and 1 day, with a lymphocyte predominance on day 3 and a lymphocyte and monocyte predominance on day 7. The mean pH (±SD) of peritoneal fluid on day 1 was 7.9 ± 0.1. C. albicans hyphae were shown to directly invade the peritoneum and intra-abdominal organs at 6 hours ( Figure 2A-F) . Tissue invasion elicited acute inflammatory responses characterized by neutrophil predominance. Small vesicles resembling abscesses by gross pathologic analysis were first evident at 1 day, affixed to the peritoneal surface, bowel, and intra-abdominal organs ( Figure 2G ). Abscess numbers and intra-abscess C. albicans burdens increased from days 1-3 and then decreased at day 7 and resolved at day 14 ( Figure 3 ). Histopathologic analysis of dissected abscesses revealed C. albicans yeasts and hyphae surrounded by a mixed inflammatory infiltrate comprised predominantly of neutrophils with a few admixed lymphocytes ( Figure 2H and 2I). The mean intra-abscess pH (±SD) was 6.9 ± 0.3.
Exclusion of stool from inocula did not influence C. albicans burdens within peritoneal fluid, cellular morphology, WBC counts, peritoneal fluid pH, or the degree of invasion into the liver or spleen (as assessed by tissue burden and histopathologic analysis; data not shown). In contrast, at each time point the number of abscesses and the C. albicans burden within abscesses were greater in the presence of stool than in the absence of stool ( Figure 3 ). Intraperitoneal inoculations of sterile stool without C. albicans elicited minimal formation of peritoneal fluid and induced sterile (ie, culture-negative) abscesses that were small and resolved by day 3. Sterile stool was included in studies of gene expression and virulence, since this condition mimics infections in humans following gastrointestinal perforations.
C. albicans Transcriptional Profiling During Intra-abdominal Candidiasis
Mice were infected intraperitoneally, and mRNA levels for 145 C. albicans genes were quantitated within peritoneal fluid by nanoString at 48 hours [21] . There was excellent correlation between mRNA levels for each gene in samples collected from independently infected mice (R 2 = 0.97; Supplementary Figure 1 ).
The genes with the greatest and least expression (and the biologic processes to which they contribute) are presented in Table 2 , Supplementary Figure 1 , and Supplementary Table 1 .
To validate the relevance of the transcriptional profiling data to pathogenesis, rim101 null mutant and RIM101 complemented Necropsy findings and histopathology of tissues of mice infected with C. albicans intraperitoneally. 2A and 2B. Peritoneum on day 1 of infection. 2A: Acute inflammation of the peritoneum is apparent (solid arrowheads). The inflammatory response is strongest on the surface, consistent with an inflammatory stimulus arising in the peritoneal cavity. The inflammatory response penetrates the serosa, resulting in necrosis of underlying diaphragmatic muscle (arrow). The inflammatory response comprises predominantly neutrophils (inset, empty arrowheads) with a smaller number of admixed lymphocytes and macrophages. 2B: C. albicans within the peritoneum are a mixture of hyphae and yeasts (inset). The density of organisms is greatest in the serosa, a finding in keeping with the gradient of the inflammatory response (Hematoxylin Eosin (A) and Grocott Methenamine Silver (B), original x 100, insets original x 600). Bars at low magnification: 50 µm. Bars at high magnification: 20 µm. 2C-2F. Liver and spleen on day 1 of infection. 2C, 2D: C. albicans infiltrating strains were tested in the model. RIM101 was selected because it was among the most highly expressed genes in the nanoString probe set. Mice infected with the rim101 mutant had significantly lower organism burdens in peritoneal fluid at 6 hours than mice infected with the complemented strain (Table 3) . Moreover, the null mutant elicited greater neutrophil responses at both 1 hour (absolute mean neutrophil counts [±SD], 35.2 ± 13.0 vs 8.9 ± 4.0/mm 3 ; P = .06) and 6 hours (absolute mean neutrophil counts [±SD], 700.6 ± 31.8 vs 299.6 ± 142.7/mm 3 ; P = .03). Organism burdens and neutrophil counts within peritoneal fluid did not differ between the strains at later time points.
To study the invasion of intra-abdominal organs from the peritoneal cavity, livers and spleens were assessed for colony counts. The rim101 mutant caused significantly lower tissue burdens within livers and spleens at 6 hours but not at later time points (Table 3 ). Histopathologic analysis revealed that both strains invaded the liver and spleen as mats of hyphae. There was a trend toward lower intra-abscess burdens of the mutant strain than the complemented strain from the earliest stages of abscess formation at 1 day; differences in burdens were statistically significant at 3, 7 and 10 days (Table 3) . Indeed, 67% of mice (6/9) infected with the mutant had no abscesses at 10 days, compared with 11% of mice (1/9) infected with the complemented strain (P = .049, by the Fisher exact test). C. albicans morphology and the host cell response within abscesses were comparable in mice infected with either strain.
Identification of Rim101 Targets In Vivo
nanoString experiments were performed on peritoneal fluid recovered at 48 hours from mice infected with the rim101 null mutant or RIM101 complemented strains. The expression of 49 genes in the probe set was significantly different between the mutant and complemented strain, and expression of 38 genes varied by >2-fold (Supplementary Table 2 ). Among the 33 genes that were significantly downregulated in the null mutant, 61% (20/33) were previously shown to be Rim101 dependent in vitro [23, 24] . Among the 16 genes significantly upregulated in the mutant, 19% (3/16; NRG1, RBR1, and RBR2) were previously identified in vitro.
SAP5 was among the genes most strongly regulated by RIM101 during intra-abdominal candidiasis. To validate the relevance of the nanoString data, mice were infected with a rim101 mutant or a rim101 mutant that overexpressed SAP5. SAP5 overexpression restored the ability to persist within abscesses, as burdens of the overexpression strain were significantly greater than burdens of the rim101 mutant at 3 and 7 days (Table 4) . SAP5 overexpression had no impact on burdens within peritoneal fluid, livers, or spleens (Table 4 and data not shown).
DISCUSSION
To our knowledge, this is the first study to use an animal model to investigate the pathogenesis of intra-abdominal candidiasis Figure 3 . Impact of addition of sterile stool on number of abscesses and burdens within abscess in mice infected with C. albicans intraperitoneally. Mice were infected with 1x10 6 CFU. Bar graphs represent the mean number of abscesses for 8 mice infected with C. albicans either alone (gray bar) or with sterile stool (black bar). Curved lines represent the mean number of log 10 CFU for mice infected with C. albicans alone (gray line) or with sterile stool (gray bar). All abscesses resolved by day 14 (data not shown). Abbreviation: CFU, colony-forming units. Figure 2 continued. liver (Li, left), veins (V, center), and spleen (Sp, right). 2E, 2F: Higher magnification of liver showing inflammation ( predominantly neutrophils) and mats of hyphae. Hematoxylin Eosin (2C, 2E) and Grocott Methenamine Silver (2D, 2F), original x 100 (2F, 2H), original x 600 (2G, 2I). Bars at low magnification: 50 µm. Bars at high magnification: 20 µm. 2G. Necropsy on day 3 of infection shows an abscess on the peritoneal membrane. Note the engorged blood vessels (thin arrow) consistent with tissue inflammation. 2H and 2I. Mesenteric abscess on day 3 of infection. 2H: Mesenteric fat showing a large area of fat necrosis (solid arrowheads) with fibrin exudates and acute inflammation (arrows). The mixed inflammatory infiltrate comprises predominantly neutrophils (inset, empty arrowheads) and few admixed lymphocytes. 2I: Grocott stain of the same area highlights numerous hyphae and yeasts in the area of necrosis and inflammation (Hematoxylin Eosin (2H) and Grocott Methenamine Silver (2I), original x 100, insets original x 600). Bars at low magnification: 50 µm. Bars at high magnification: 20 µm. Table 2 . Genes Most Upregulated During Peritonitis as it progresses from peritonitis to abscesses. Our mouse model is simple, reproducible, and, most importantly, suitable for studying C. albicans gene expression in vivo and measuring the relative virulence of infecting strains. There are 4 major findings from the study. First, using nanoString assays for 145 carefully chosen C. albicans genes, we identified a transcriptional signature for C. albicans within the peritoneal cavity. The data revealed biologic processes involved in adaptation to the peritoneal environment. Second, we validated the expression data by demonstrating that the alkaline pH-regulated transcription factor Rim101, which is encoded by a gene that was among the most highly expressed in vivo, plays a significant role in mediating early peritonitis and persistence of C. albicans within intraabdominal abscesses. Third, we showed that RIM101 significantly influenced the expression of known and previously unidentified Rim101 targets during intra-abdominal candidiasis. SAP5, which encodes a secreted aspartic proteinase, was among the genes most strongly dependent on Rim101 in vivo, consistent with the relationship in vitro [23, 24] . Finally, we demonstrated that the contribution of RIM101 to the persistence of intra-abdominal abscesses was dependent, at least in part, on SAP5 expression. Taken together, the data afford insights into the pathogenesis of intra-abdominal candidiasis and highlight the power of in vivo transcriptional profiling for understanding gene function during infection.
The study of C. albicans gene expression in infected hosts has been limited by technical difficulties, most notably challenges in detecting relatively small concentrations of pathogen RNA amid abundant host RNA [25] . This issue is less relevant in the intra-abdominal candidiasis model than in hematogenously disseminated or oropharyngeal candidiasis because significant burdens of C. albicans are easily accessible in the peritoneal cavity, which has relatively few host cells. Moreover, the nanoString platform can detect C. albicans transcripts within in vivo samples when the C. albicans RNA level is as low as approximately 100 ng and constitutes <0.1% of total RNA [19, 20] . Indeed, we generated expression data that were highly reproducible and organized around several common themes.
In addition to RIM101, the most highly expressed genes on our probes included ENA2 and ENA21 (sodium efflux pumps), ALS1 and ALS4 (adhesins), GPD2 (glycerol biosynthesis enzyme), SSB1 (heat shock protein), CAT1 (catalase), and TRR1 and TRX1 (thioredoxins). The expression of RIM101 was in keeping with the alkaline pH within the peritoneal cavity. RIM101 is also a positive regulator of ENA2, so it makes sense that expression of the genes may be coordinated. A second theme was reflected by ENA2, ENA21, and GPD2, which are homologs of Saccharomyces cerevisiae high-osmolarity adaptation genes. A third theme was the upregulation of genes associated with stress response, such as SSB1, TRR1, TRX1, and CAT1. Expression of SSB1 is induced by high temperature, oxidative stress, and nutritional deficiencies in vitro, [26] conditions relevant to the peritoneal cavity. Likewise, TRR1 and TRX1 are induced by exposure to neutrophils [27] , and CAT1 expression renders cells more resistant to neutrophils, oxidative stress, and peroxide [28] . Fourth, hyphal genes like HWP1, HYR1, and ECE1 were among the most weakly expressed genes in the probe set, consistent with the growth of C. albicans as yeasts within peritoneal fluid. Taken with our finding that many highly expressed genes are involved in adherence (SAP9, TDH3, TEC1, and ALS), the data suggest that yeast cells in the peritoneal cavity are attempting to bind to the surfaces of contiguous organs. RIM101 significantly influenced the expression of 49 genes during intra-abdominal candidiasis. Sixty-one percent of downregulated genes (20/33) and 19% of upregulated genes (3/16) in our rim101 mutant were previously identified Rim101 targets in vitro [23, 24, 29] . More interesting was the identification of novel Rim101-suppressed genes, the majority of which are involved in stress responses (HSP70, HSP104, TYE7, HGT7, and CAP1). Our results are consistent with accumulating evidence that unique environmental factors at sites of C. albicans infection influence and reshape the spectrum of transcription factor-responsive genes [13, 14, 30, 31] . Rewiring of transcriptional pathways is a feature that distinguishes C. albicans from the avirulent baker's yeast S. cerevisiae and may account for the former's remarkable versatility as a human pathogen [19, 20] . The transcriptional profiling data highlight the importance of studying and validating C. albicans gene expression in diverse models, as results cannot be extrapolated from other in vivo systems or in vitro conditions [13, 14, 19] .
RIM101 was previously implicated in virulence in mouse models of hematogenous disseminated candidiasis, oropharyngeal candidiasis, and keratitis [24, 29, 32] . The role of RIM101 during intra-abdominal candidiasis, however, differed in important ways from its role during other diseases. Most notably, RIM101's contribution to pathogenesis during intra-abdominal candidiasis was not related to hyphal formation. Previous studies demonstrated that Rim101 promotes hyphal growth under alkaline conditions in vitro [23, 33, 34] , and the attenuated virulence of rim101 mutants during disseminated candidiasis and keratitis was associated with impaired hyphal formation [24, 32] . As mentioned, C. albicans grew exclusively as yeasts during peritonitis, despite alkaline pH and high levels of RIM101 expression. Moreover, the rim101 mutant formed dense hyphae during invasion of the spleen and liver from the peritoneal cavity and within intra-abdominal abscesses. Nevertheless,the disruptionofRIM101 resulted in reduced C. albicans burdens within abscesses. Clearly, therefore, the roles of RIM101 in regulating the pathogenesis of intra-abdominal candidiasis and hyphal formation are independent.
RIM101 plays a more restricted role in the pathogenesis of disseminated candidiasis than in the pathogenesis of intraabdominal candidiasis. Following intravenous inoculation, a rim101 mutant colonized mouse kidneys as well as wild-type but did not proliferate and sustain the infection [29] . During intra-abdominal candidiasis, RIM101 was important for both maintenance of intra-abdominal abscesses and survival of C. albicans in the first hours of peritonitis and tissue invasion. Interestingly, the temporal contributions of RIM101 to peritonitis and tissue invasion were the opposite of the contributions to disseminated candidiasis, as the rim101 mutant was attenuated at late but not early time points in the latter model. Along these lines, the mutant induced significantly greater neutrophil influx into the peritoneal cavity in the first 6 hours, which may account for reduced infectious burdens. Consistent with this hypothesis, RIM101 was important for C. albicans immune evasion during keratitis [32] . As wild-type C. albicans induces greater neutrophil influx into the peritoneal cavity over subsequent hours, it is plausible that early differences in virulence are lost. The reduced tissue invasion of the rim101 mutant at 6 hours may also stem from diminished adherence. Since adherence is a highly redundant process dependent on many genes, it is feasible that early differences are not sustained as tissue invasion progresses. Taken together, the data demonstrate that RIM101 makes distinct temporal-spatial contributions to the pathogenesis of intra-abdominal candidiasis, which could not be predicted from disseminated candidiasis or other models.
Similarly, our finding that Rim101 exerts its effects within abscesses at least in part through activation of SAP5 is noteworthy. In previous studies, overexpression of SAP5 in rim101 mutants rescued the ability to invade reconstituted human epithelium but failed to restore damage of FaDu epithelial cells [24, 35] . In fact, recent studies have cast doubt on whether SAP5 and other SAP genes play roles in virulence, as previously ascribed contributions to disseminated candidiasis and reconstituted human epithelium infections were shown to be artifacts of the ura-blaster gene disruption technique [36] [37] [38] . Our data clearly implicate SAP5 in the maintenance of intra-abdominal abscesses but not at earlier stages of peritonitis or tissue invasion. These results are consistent with previous studies of mouse peritonitis, which also found that SAP5 did not facilitate direct organ invasion after intraperitoneal inoculation [12] . The mechanisms by which SAP5 mediates persistence within abscesses are not clear but may include effects on nitrogen supply and evasion of host defenses [14, 39, 40] . On the basis of these data, we conclude that different Rim101-targeting genes contribute to various stages of intra-abdominal candidiasis.
Finally, C. albicans-host interactions during intra-abdominal candidiasis afford additional insights into pathogenesis. Following the introduction of C. albicans and stool to the peritoneal cavity, the rapid influx of neutrophils established control of the infectious burden within 24 hours. As C. albicans burdens were diminished at later time points, there was a switch to lymphocytic predominance. Invasion of intra-abdominal organs was apparent within 6 hours, and host control in the form of a brisk neutrophil response, sequestration and early abscess formation was observed at 24 hours. The number of abscesses and intra-abscess tissue burdens peaked on day 3 and fully resolved by day 14. Interestingly, C. albicans hyphae were abundant within livers and spleens, which was in sharp contrast to the paucity of hyphae and the lack of abscesses within these organs following lateral tail vein injection [41] . The reasons for the differences in the models are unclear and merit investigation in future studies. At present, we may conclude that the host limited C. albicans spread and replication during intraabdominal candidiasis through the action of neutrophils, which was aided by structural containment within the peritoneal cavity or abscesses. Of note, C. albicans in the absence of sterile stool induced fewer abscesses and lower intra-abscess burdens. In contrast, C. albicans burdens and the host inflammatory response during peritonitis were comparable in the presence or absence of stool. In humans, C. albicans peritonitis resulting from infected peritoneal dialysis catheters is rarely associated with abscess formation, unlike peritonitis following gastrointestinal leaks or ruptures. Our data suggest that stool, as a potentiating agent that depletes complement-derived opsonins and impairs phagocytic killing [42, 43] , may account for the more aggressive course in the latter cases.
In conclusion, the mouse model of intra-abdominal candidiasis is a powerful tool for studying pathogenesis and C. albicans gene expression. It should be easily adaptable to study other aspects of intra-abdominal candidiasis, including C. albicans-bacteria dual infections and detailed analyses of host responses. The model will be useful for understanding how C. albicans adapts to diverse host environments and in identifying new approaches for diagnosing, preventing, and treating intra-abdominal candidiasis.
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